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X-ray diffraction analysis of the TiO 2 powders
Figure S1  X-ray diffraction patterns for anatase TiO 2 powders of three different sizes. X-ray diffraction patterns were recorded on a diffractometer (Rigaku D/max-2500, Japan) using CuKa radiation at 45kV and 250 mA and a scan rate of 0.1° 2θ per second. All peaks are in good agreement with the standard spectrum of anatase TiO 2 (JCPDS 21-1272), indicating TiO 2 in the anatase phase. The nanocrystal size was calculated to be 8 and 19 nm by Scherrer equation D = Kλ/B cos θ, the 200-nm TiO 2 powder was indicated as received. 
Determination of Fermi level of the trapped electrons for rutile
The Fermi level of the trapped electrons Fs E is defined as the matching point at which the minimum energy needed for excitation of the trapped electrons to the bottom of the CB being equal to the maximum energy needed for excitation of the trapped electrons to the top of the localized excited energy levels immediately below the bottom of the CB. The electrons in the conduction band would have a slower decay kinetics ( 355 nm excitation in Fig. S4 ), whereas the electrons in the localized excited states would have a faster decay kinetics (1240 nm excitation in Fig. S4 ), and the excitation energy for the Fs E would correspond to a transition point at which the slower decay kinetics begin to change to the faster decay kinetics as shown in Fig. S5 , which shows that when excited at 880 nm, the kinetics mainly consists of slower decay component, the faster decay component becomes obvious when the excitation wavelength is scanned to 890 nm. The biphasic feature at 890 nm indicates that the trapped electrons at localized excited states are in thermal equilibrium with the CB electrons. Therefore the and fifth columns respectively. If the transition energies expected from these two starting levels coincide with those observed transition energy in the third column within the uncertainty at the given wavelengths, then the observed transitions could be from those below the Fs E . Therefore the observed transition at 1240 nm could be from 1.494 eV (830 nm) to an already existing level of 1350 nm, or from 1.550 eV (800 nm) to an already existing level of 1450 nm, all these transitions have the same energy around 1.000 eV marked as red in the table S1. Therefore the observed transition at 1240 nm together with other two additional transitions at 1130 nm (marked in green) and 980 nm (marked in blue) may not be the true energy levels of the localized excited states. The last column lists all the observed transitions of the trapped electrons to the localized excited states in anatase crystalline film reported previously in reference 26, apparently they match well with those observed in rutile within the experimental error (10 nm). The coincidences of the transition energies are grouped with a specific color.
Calculation of ratios of / k  for anatase over rutile
All the values in parenthesis in Table S3 and S4 refer to the calculated results of using the mobility of rutile nanocrystal having a value of 2.5 in the parenthesis of Table S1 . 
